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Method For Calibrating A Photodiode, Semiconductor Chip, and Operating Method 



The present invention relates to a method for calibrating a photodiode, the output 
signals of the photodiode being measured at different measured wavelengths. The present 
invention also relates to a semiconductor chip having a photodiode. Furthermore, the 
present invention relates to a method for operating the semiconductor chip. 



Light-sensitive integrated circuits, which provide an electric output signal, such as 
an electric current, when irradiated with light of a specific wavelength, are known. 
Interference at the surfaces of the light-sensitive integrated circuit facing toward the light 
source and further effects cause the electrical signal generated by the integrated circuit to 
be strongly dependent on the incident light wavelength. This effect is undesirable in the 
precise measurement of light using integrated circuits. 



In order to reduce the wavelength dependence of the output signal, applying an 
antireflective coating to the surface of the light-sensitive integrated circuit facing toward 
the light source is known from the publication US 4,131,488. Such a coating has the 
disadvantage that it requires an additional process step when manufacturing the light 
sensor. 
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It is therefore the object of the present invention to specify a method for setting the 
wavelength-dependent output signal of a light-sensitive integrated circuit which avoids the 
necessity for antireflective coatings and has a high flexibility in regard to the wavelength 
dependence of the output signal to be set. 

5 

The object is achieved by a method according to Claim 1. Advantageous 
embodiments of the method, a semiconductor chip containing a light-sensitive integrated 
circuit, and a method for operating the semiconductor chip may be inferred from the 
further patent claims. 

10 

A method for setting the wavelength-dependent output signal of a light-sensitive 
integrated circuit is specified, the output signals of the integrated circuit being measured at 
different wavelengths. The measured values measured at each wavelength are compared to 
predefined setpoint values. There is a setpoint value for every measured wavelength in this 
15 case. Correction values are calculated by comparison between the measured values and a 
setpoint value. Information about these correction values is stored permanently in the 
integrated circuit. 



Because, according to the method, correction values and/or information about 
20 correction values is stored directly on the integrated circuit and may subsequently be used 
to adapt the output signals, technological measures on the surface of the integrated circuit 
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for eliminating undesired wavelength dependencies of the output signal may be dispensed 
with. 

The method for setting the wavelength-dependent output signal has the advantage 
that it is not restricted to the elimination of undesired signal oscillations at different 
wavelengths. Rather, any arbitrary wavelength characteristic may be set for the light- 
sensitive integrated circuit. 

In one embodiment of the method, an integrated circuit is used which is a 
component of a semiconductor substrate. The setting is performed using a testing card for 
integrated circuits. 

Methods for testing semiconductor chips and/or methods for testing semiconductor 
substrates, in the form of wafers, for example, are known, for example, from the 
publication JP 090 45 744 A, the content of whose disclosure is expressly referred to here. 
Testing devices of this type for photodetectors may advantageously be used to execute the 
method specified here. The construction necessary must only be altered slightly, which is 
advantageous. 

In one embodiment of the method, one or more light-emitting diodes are used as 
the light source for measuring the output signals. Such LEDs have the advantage that they 
emit light at a fixed frequency and, in addition, they have a very well-known behavior of 
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their optical power density as a function of the current applied to the LEDs. LEDs also 
have the advantage that they are easy and inexpensive to manufacture and are thus 
advantageously usable for the method specified here. 



5 Furthermore, LEDs have the advantage that they are available in very many 

different wavelengths. 

In one embodiment of the method, an integrated circuit is used whose wavelength- 
dependent sensitivity runs in a wave. The smallest interval between two measured 

10 wavelengths is selected so that it is less than each interval between a relative sensitivity 
maximum and a relative sensitivity minimum. It is therefore ensured that the 
determination of the actual characteristic of the photosensitive component is performed 
sufficiently precisely, and that the linear interpolation between the measured points does 
not lead to significant measurement errors because of the presence of relative maxima or 

1 5 minima between two measured points, for example. 

In another embodiment of the method, a sensitivity curve, which is compared to a 
setpoint curve, is determined for the measured values using interpolation. A correction 
curve is calculated from this comparison, information about this correction curve being 
20 stored permanently in the integrated circuit. 
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In one embodiment of the method, an integrated circuit is used which comprises 
one or more photodiodes. Photodiodes may be applied well for the purpose pursued here 
because of their well-known properties, particularly the well-known dependence of the 
output signal on the optical power density which is irradiated onto the component. 

Specifically, such photodiodes allow the calibration, i.e., the setting of the 
wavelength-dependent output signals to be performed using light-emitting diodes which do 
not all provide identical optical power densities on the light-sensitive integrated circuit. 
Rather, it is sufficient if the optical power density on the surface of the light-sensitive 

■ 

integrated circuit is known for each measured frequency, i.e., for each light-emitting diode. 
Standardization of the measured signals to a uniform optical power density may be 
performed using simple means without anything further. 

In one embodiment of the method, Zener diodes are used to store the information 
15 on the integrated circuit. However, other storage media which allow permanent storage of 
information may also be used. For example, fuses containing polycrystalline silicon, or 
even "laser trimming", in which resistance values are permanently changed using a laser by 
melting away resistor material, come into consideration. Another possibility for storing 
information on the integrated circuit is the use of EEPROM = "electrically erasable 
20 programmable read only memory". 



5 



10 
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Furthermore, a semiconductor chip is specified which contains a light-sensitive 
integrated circuit. Information is stored on the light-sensitive integrated circuit for 
correcting the wavelength-dependent output signal of the integrated circuit. Such a 
semiconductor chip has the advantage that wavelength-dependent optical measurements 
5 may be performed, the data stored on the chip allowing the wavelength dependence to be 
eliminated or to be changed into a predefined wavelength dependence. 



In one embodiment of the semiconductor chip, a temperature sensor for measuring 
the temperature of an external light source is additionally provided, and correction data are 
10 also stored on the chip which are used to correct the temperature-dependent wavelength of 
the external light source. 

Such a semiconductor chip has the advantage that the very precise measurement of 
light sources whose optical power density is a function of the temperature is made 
15 possible. 



Furthermore, a method for operating a semiconductor chip is specified, an external 
light source illuminating the integrated circuit and an output signal thus being generated. 
The information about the wavelength of the light source is transmitted to the integrated 
20 circuit during the measurement. On the basis of the transmitted wavelength and with the 
aid of the information stored on the integrated circuit for correcting the wavelength- 
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dependent output signal of the integrated circuit, the wavelength-dependent output signal 
of the integrated circuit may be corrected and/or changed. 

In one embodiment of the method, the temperature of the external light source is 
5 measured by using a suitable semiconductor chip. The information about the wavelength 
of the external light source transmitted to the chip is corrected using the measured 
temperature and the corresponding correction data, which is also stored on the chip, and is 
then used for the correction of the wavelength dependence of the output signal. 

10 In the following, the present invention is described in greater detail on the basis of 

exemplary embodiments and the associated figures. 

Figure 1 shows a measurement arrangement for performing the method specified. 
Figure 2 shows the wavelength-dependent sensitivity of a light-sensitive integrated 
1 5 circuit as an example in a schematic illustration. 

Figure 3 shows an example of a specified semiconductor chip in a top view. 

Figure 1 shows an arrangement for performing the method. A semiconductor 
substrate 5 is provided, which contains a light-sensitive integrated circuit 1. The 
20 semiconductor substrate 5 may be a silicon wafer, for example. The light-sensitive 
integrated circuit 1 may be isolated to form a semiconductor chip 8 in a later 
manufacturing step. A testing card 6 for integrated circuits is positioned over the 
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semiconductor substrate 5. Light-emitting diodes 71, 72 are mounted on the top of the 
testing card 6. These light-emitting diodes 71, 72 irradiate the light-sensitive integrated 
circuit 1 with light of different wavelengths. In this case, the wavelength of the light with 
which the light-emitting diode 71 illuminates the light-sensitive integrated circuit 1 is 
5 different from the wavelength of the light with which the light-emitting diode 72 

illuminates the light-sensitive integrated circuit 1. The light-emitting diodes 71, 72 are 
connected using connection lines 403, 404 to a test system 406, which supplies the light- 
emitting diodes 71, 72 with current. The testing card 6 is in turn independently connected 
to the test system 406 using one or more connection lines 405. Testing needles 401, 402 
1 0 are provided for contacting the testing card 6 with the semiconductor substrate 5 . These 

testing needles 401, 402 are used for the purpose of being placed on provided contact areas 
of the sensitive integrated circuit 1 and either absorbing current generated in the light- 
sensitive integrated circuit 1 or storing data on the light-sensitive integrated circuit 1 . 



15 It is also to be noted that the testing card 6 is designed so that the light-emitting 

diodes 71, 72 positioned on the top of the testing card 6 may illuminate the light-sensitive 
integrated circuit 1 positioned below the testing card 6. Such a suitable design of the 
testing card 6 may, for example, comprise the testing card 6 having an opening at the 
illumination point of the light-sensitive integrated circuit 1. 

20 

Figure 2 shows the output signals, measured using the arrangement from Figure 1, 
of a photodiode located on the light-sensitive integrated circuit. In this case, the sensitivity 
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E of the photodiode, measured in mA per watt of irradiated optical power, is plotted over 
the irradiated wavelength X, plotted in the unit nm. Figure 2 shows a sensitivity curve 3, 
which may be determined through interpolation from the wavelength-dependent 
sensitivities of the photodiode measured using the arrangement of Figure 1 . It is to be 
5 noted that the curve 3 may have a somewhat different shape for each chip, as a function of 
the manufacturing tolerances, which may shift the interference pattern by up to 20 |im. 

The intervals of the measured wavelengths X\ 9 X2 9 A3 are to be selected in this case 
so that the intervals, represented by differences between two wavelengths, e.g., X2 - XI, are 
smaller than the intervals AX between a relative minimum and a relative maximum of the 
sensitivity curve 3. 

However, measured wavelengths whose intervals are greater than AX may also be 
used for interpolation and/or extrapolation, if additional information about the properties of 
the sensitivity curve is also stored on the chip and only small changes are corrected. 

The sensitivities of the photodiode thus measured may be used for the purpose of 
being compared in the test system 406 with a desired setpoint sensitivity. Different 
setpoint curves 21, 22 are indicated as examples in Figure 2. For example, the setpoint 
20 curve 21 may be used if one only desires to eliminate the oscillations of the sensitivity 
curve 3 and generate a wavelength-independent output signal of the photodiode. In this 
case, a correction value 4 is calculated for each measured value 31, 32, 33 associated with 
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a measured wavelength X\,X2,X3, which represents the difference between the measured 
value 3 1 measured at the wavelength X\ and the value of the setpoint curve 21 specified at 
the wavelength X\ , for example. It is to be noted in this connection that the correction 
value 4 does not necessarily represent the simple difference of the value of the setpoint 
curve 2 1 at the wavelength XI and the measured value 3 1 at the wavelength XI . The 
correction value 4 may also represent a correction factor or a more complicated correction 
function. 

As a further example, the setpoint curve 22 is shown in Figure 2, which is used if 
the light sensitivity of the photodiode is to grow linearly with the light wavelength. In this 
case, the correction may be performed analogously to the way described for the setpoint 
curve 2 1 . 

The correction values 4 are stored on the light-sensitive integrated circuit after 
performing the measurement and after performing the comparison, in the test system 406, 
for example. However, only information about the correction values 4, in the form of 
interpolated curve, for example, may also be stored. 

Figure 3 shows an example of a semiconductor chip 8 which may be used for the 
method according to Figure 1 and Figure 2 and/or which represents a final product of the 
method. The semiconductor chip 8 comprises a light-sensitive integrated circuit 1 , which 
in turn comprises photodiodes 91, 92 and Zener diodes 101, 102 and further circuits 200. 
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After completion of the measurement, as described in Figure 2, correction values 4 or an 
entire correction curve is stored on the semiconductor chip 8. The storage is performed 
with the aid of the Zener diodes 101, 102, for example, whose electrical properties may be 
changed permanently by applying a current once. 

5 

Furthermore, a temperature sensor 300 may be provided on the semiconductor chip 
8, which may be an on-chip temperature sensor, for example, that contains polycrystalline 
silicon. 

10 If information about an entire correction curve, i.e., for all wavelengths in a specific 

wavelength range, is stored on the integrated circuit, a correction both in regard to the 
sensitivity of the photodiode on the chip and in regard to the temperature dependence of 
the radiation source may be performed at every arbitrary wavelength in the wavelength 
range, but only in the event of known temperature behavior of the radiation source. 
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